Purpose Syringomyelia can be defined as a degenerative, progressive and chronic spinal cord disease. Its association with tumors of the posterior cranial fossa (PCF) is a rare condition. Methods The authors report a rare case of syringobulbia consequent to a meningioma originating from PCF in a 17-yearold female, discussing the pathogenetic mechanism of development and the resolution of the syrinx cavity after surgical procedure. Results The postoperative period was uneventful without complications. At 6-month follow-up, MRI revealed complete tumor removal with resolution of the syrinx cavity. Conclusions In cases of syringomyelia and tonsillar herniation associated with PCF meningioma, the tumor resection allows to eliminate the mass effect and increases the size of the posterior fossa with the progressive ascent of the cerebellar tonsils and the consequent reduction of their downward movement with systolic pulsation. The re-establishment of a normal anatomical condition led to the gradual disappearance of syrinx and hydrocephalus.
Introduction
The syringomyelic cavity is a degenerative, progressive, and chronic spinal cord disease. Sometimes, the cavity may extend at the level of the medulla oblongata, causing a syringobulbia [22] . Syringomyelia is most commonly secondary to a Chiari malformation [22] . Its association with tumors of the posterior cranial fossa (PCF) is a rare condition, with few cases described in literature of epidermoids [11, 27] , medulloblastomas [21, 28] , gliomas [28] , metastases [28] , synovialomas [21] , cysts [3, 5, 8, 10, 18, 29, 35] , gangliocytomas [24] , dysembryoplastic tumors [34] , and meningiomas (Table 1) [2, 6, 7, 9, 12, 13, [19] [20] [21] 28] The authors present a case of syringobulbia secondary to a meningioma of the PCF, reviewing the pertinent literature and discussing surgical management and the potential pathogenetic mechanism.
The postoperative period was uneventful without complications. At 6-month follow-up, MRI revealed complete tumor removal with resolution of the syrinx cavity (Fig. 2) .
Discussion
From 1993 to 2013, only ten reports, accounting for a total of 11 meningiomas of the PCF associated with tonsillar herniation and syringomyelia, have been described in literature [2, 6, 7, 12, 13, [19] [20] [21] 28] . The average age of the patients is 42 years with the female prevalence of 10:1. In range of solid tumors, meningiomas are the majority of them [2, 6, 7, 12, 13, [19] [20] [21] 28 ], but no cases of syringobulbia associated with meningioma has been reported (Table 1) .
There are three distinct groups of cavities in the spinal cord [16, 17] . The hydromyelic or communicating form that is centrally located within the cord and opens rostrally into the fourth ventricle. The second form is the syringomyelic or noncommunicating, where the rostral end of the cavity is closed below its opening into the fourth ventricle [25] . The third form, named as extracanalicular syrinx, is secondary to a spinal cord injury [2] .
The large majority of modern investigators believe that the pathogenesis of syringomyelia associated with a lesion in the PCF is related to a disturbance in the circulation of the cerebrospinal fluid (CSF).
Gardner [14] proposed that a congenital defect in the fourth ventricle would cause abnormal pulsations of the CSF directed into the central canal, causing hydromyelia.
Williams [30] [31] [32] [33] postulated that an obstruction of the subarachnoid space at the foramen magnum could act as a valve, allowing CSF to cross the foramen magnum rostrally more effectively than caudally. Activities, such as coughing, could cause prolonged elevation of intracranial CSF pressure relative to intraspinal CSF pressure. During this period of "craniospinal dissociation," CSF may be "sucked" from the fourth ventricle into the central canal [22] . A major problem with these hydrodynamical theories is the claim that the source of syrinx fluid is CSF entering the central canal from the fourth ventricle.
Detailed neuropathological investigations [16, 25] have shown that communication of the syrinx with the fourth ventricle occurs only in the hydromyelic form. As a result, several theories have been proposed, all of which assert that the source of syrinx fluid in the noncommunicating form of syringomyelia is the CSF in the spinal subarachnoid space [22] .
Ball and Dayan [4] emphasized the importance of activities that increase thoracic or abdominal pressure. These increase epidural venous pressure and spinal CSF pressure. The spinal CSF, instead of entering the intracranial subarachnoid space, cannot cross the foramen magnum because of the obstruction; so, it is diverted into the spinal cord parenchyma along Virchow-Robin spaces [22] .
Aboulker [1] proposed that obstruction at the foramen magnum interferes with intracranial drainage of the CSF produced in the spinal cord and nerve roots.
Heiss et al., Levy et al., and Oldfield et al. [15, 23, 26] proposed that the force impelling spinal subarachnoid CSF into the cord parenchyma is the CSF pressure pulsation occurring during the cardiac cycle. When cerebellar tonsils obstruct the foramen magnum, the amount of CSF crossing this one decreases. The tonsils themselves move caudally during systole, cranially during diastole and acting like a piston on the spinal subarachnoid CSF, producing in it exaggerated pulsations. The high-amplitude pulsations drive CSF into the cord along perivascular spaces.
Recently, Levine [22] proposed a new theory applicable to the noncommunicating form of syringomyelia associated with a lesion at the foramen magnum. He considers that the source of the syrinx fluid is a plasma filtrate from the capillaries of the spinal cord. In fact, CSF pressure just rostral to the block exceeds CSF pressure caudal to the block producing changes in transmural venous pressure, which favor dilation of capillaries below the block and collapse of the capillaries above the block. This change is a source of mechanical stress on the spinal cord. Repeated stress over a prolonged period produces partial breakdown of the blood-spinal cord barrier, allowing plasma filtration and accumulation of fluid in the damaged spinal cord.
According to Fox and Oldfield, syringomyelia is a tertiary phenomenon that follows blockage of CSF flow at the foramen magnum. A meningioma in PCF, large and slowly growing, can determine chronic cerebellar tonsils herniation, causing a tightness of the foramen magnum and an obstruction of the subarachnoid space. The result is that the CSF could not normally pass through Luschka and Magendie's foramina with increase of CSF pressure in the fourth ventricle, and the tonsils, in their new pathological position, move downward with systolic increase in pressure. The pressure waves compress the spinal cord and have the potential to propel the syrinx fluid downward with each pulsating beat, thereby increasing the flow between the spinal CSF and the extracellular fluid of the spinal cord [12, 26] . This mechanism also may be responsible for the maintenance of syringomyelia by the pulsatile pressure waves forcing CSF into the spinal cord through perivascular and interstitial spaces [4] . The compression of the spinal cord exerted by spinal CSF causes rostral and caudal movements of the fluid within the syrinx and could extend the length of the syrinx via a sloshing mechanism [26] . Repeated rostral movement, acting for a long time, then leads to the formation of syringobulbia producing the relative neurological dysfunctions. In conclusion, in cases of syringomyelia and tonsillar herniation associated with PCF meningioma, the tumor resection eliminates the mass effect and increases the size of the posterior fossa with the progressive ascent of the cerebellar tonsils and the consequent reduction of their downward movement with systolic pulsation. Therefore, the tonsil impaction at the foramen magnum is diminished as the subarachnoid space obstruction, and CSF can flow following his physiological pathway. The re-establishment of a normal anatomical condition led to the gradual disappearance of syrinx and hydrocephalus [2, 6, 7, 12, 13, [19] [20] [21] 28] .
